Electric potential difference (EPD) between the surfaces of potato-tuber disks infected by compatible and incompatible races of Phytophthora infestans and between each of them and noninfected ones were determined during the initial period of infection. EPD began to increase almost simultaneously with host wall penetration by both the incompatible and compatible races and the increase was already larger in the former than in the latter.
Introduction
It has been reported that potato cells infected by an incompatible race of Phytophthora infestans may die hypersensitively within about 30min after penetration, in the quickest case8,17).
Those infected by a compatible race, however, lived in coexistence with the parasite for more than 3 days. Microscopic In other experiments, one disk was inoculated with race 0 and the other with race 1.
Vaseline was used to coat the edges of the disks. A small piece of agar containing Knop's solution was placed on the disk and attached to the calomel electrode.
The apparatus used to determine the electric potential difference is shown in Fig. 1 .
Electrodes were connected to an amplifier (Nihon Koden, AD 3-2) equipped with an oscillograph (Nihon Koden WI-130).
Measurement of electrical conductance. Tubers of three cultivars were cut into disks, 18mm in diameter and 1.5mm thick as before.
The disks were inoculated with race 0, race 1 and race 3, respectively, just after/or 20hr after cutting.
Distilled water served as a control.
Inoculated disks were incubated at 18C in a moist condition and then 5 disks were immersed in 10ml of distilled water at intervals of 1 or 2hr. After shaking for 10 minutes (5 rev./ minute), the disks were discarded and conductivity of the water was determined by using an electrical conductivity meter (Towa Denpa Co. Model CM-3M).
The electrical conductivity shown in each figure is the increment obtained by subtracting the value measured about 30min after inoculation from each value measured later.
Determination of 32P-leakage from infected disks. Tuber disks 10mm in diameter and 1.5mm thick were immersed in a solution containing H3 32PO4 (1.7 Ci/ml) for 30min just after preparation of the disks (cutting out) or after exposing them to air at 18C for 20hr.
After immersion, they were washed three times in distilled water and then inoculated with race 0, race 1. Water served as a control. The inoculated disks were immersed in 10ml of distilled water at intervals of 1hr. After 10min of shaking, 1ml of the water was poured into a vial containing 10ml of distilled water.
Radioactivity was counted in a liquid scintillation spectrometer (Packard model 3320).
Results

Time course of penetration
and cell death Fig. 4 indicates that the cut surface cells of tuber disks of Rishiri infected by the incompatible race, race O, began to die hypersensitively within 2hr after inoculation, when inoculated 20hr after inoculation.
They are about to die 6hr after inoculation, on the contrary, when inoculated just after cutting13). It has been reported that the penetration of cell walls of tuber tissues of Rishiri began about 50min after inoculations13).
When inoculated with the compatible race 1 no cell death occurred in response to infection.
There is no difference in the time intervals from inoculation to penetration between the compatible and incompatible races14).
Electrical potential difference
When disks were inoculated with P. infestans 20hr after cutting, differences in electrical potential between the surfaces of the disks inoculated with both the incompatible and compatible races and the noninfected one began to increase about 50-60min after inoculation (Fig. 2) .
The time of initiation of the increase almost coincided with the time when some of the appressoria began to penetrate the cell wall.
It seemed that the increasing rate was more rapid in the disks infected by the incompatible race than in those infected by the compatible race. Furthermore the difference between the disks inoculated with the incompatible race and those inoculated with compatible race seemed to begin almost simultaneously with the initiation of penetration ( Fig. 3 ). Fig. 2 . Change in electric potential difference between the surface of potatotuber disks (Rishiri) inoculated with compatible race 1 and noninfected surface (solid line) or that inoculated with incompatible race 0 and noninfected one (dashed line). Cut surfaces of the disks were exposed to air for 20hr before inoculation. Fig. 3 . Change in electric potential difference between the surface of potato-tuber disk (Rishiri) inoculated with compatible race 1 and incompatible race 0. Cut surfaces of the disks were exposed to air for 20hr before inoculation.
Electrical
conductivity measurements Tuber disks of Rishiri inoculated with the races 20hr after cutting were immersed in water and the electrical conductivity (EC) of the water was measured. The EC in the case of the incompatible combination was already higher than the compatible one 2hr after inoculation (Fig. 4) .
With the disks inoculated just after cutting and washing, the conductivity of the immersion water was higher in the incompatible combination than the compatible one before the hypersensitive death of cells in the former combination began (Fig. 5) .
Although the disks of Pentland Ace had the R3 gene, little difference in conductivities of the immersion water was observed between the compatible and incompatible races (Fig. 6 ).
Increases in conductivity were also found in compatible combinations during an initial period of infection, and the conductivity continued to increase (Fig. 4, 5, 6, 7) . The increasing rates of conductivity in immersion water of Irish cobbler disks inoculated with the compatible races, race O, race 1 or race 3, were different but parallel with each other (Fig. 7) .
This phenomenon suggested that the aggressiveness of each race on this r-cultivar was almost the same. In spite of the same rate in the increase, the rise in the permeability of the disks inoculated with race 1 always occurred earlier than that of those inoculated with race O or race 3 (Fig. 7) . This may be due to the condition of the zoospores used, although the zoospores were adjusted to the same concentration. The increasing rates in conductivity were higher in the disks inoculated with the compatible races 20hr after cutting than those inoculated just after cutting (Table 2) . Table 2 . Increases in electrical conductivity of water in which potato-tuber disks inoculated with the compatible races just after cutting or 20hr after cutting were immersed *Increment in electrical conductivity from 0 .5hr to 10hr after inoculation (ƒÊmho).
32P-leakage from inoculated disks
Leakage of preabsorbed 32P from the disks inoculated with compatible and incompatible races showed a similar pattern as the electrical conductivity (Fig. 8) 
Discussion
The difference in electical potential between surfaces of intact and wounded plant tissue is known to be caused by alteration in the permeability of cell membranes of the wounded tissue. The electrical potential difference observed ( Fig. 3 ) suggested that permeability of the cell membranes to ionic substances increased more in incompatible than in compatible combinations.
This occurred almost simultaneously with the beginning of penetration of the host cell walls. At this time, death of infected cells had not yet occurred (Fig. 4) . A similar phenomenon was observed in the electrical conductivity measurements. The data from disks inoculated just after cutting (Fig. 6 ) indicated clearly that permea-bility of the cell membrane increased more in the incompatible combinations than in compatible ones during the initial period of infection.
In a previous paper 13), it was reported that the hypersensitive cell death did not occur during this period of infection when inoculated with the incompatible race just after cutting.
These results showed that permeability of the cell membrane increased more in the incompatible combinations than in compatible ones before hypersensitive cell death in the former combination occurred.
Little differences in electrical conductivity in disks of Pentland Ace inoculated with compatible and incompatible races (Fig. 6 ) may be due to weakness of the resistance, since the browning occurred very late, and even sparse sporulation of the incompatible races was observed.
When tuber disks were inoculated with the compatible race, no cell death occurred during the period of the experiments. Neverthless, the difference in electrical potential, and also the electrical conductivity, increased almost simultaneously with penetration of host cell walls. There seemed to be a possibility that the increases were due to splitting of cell wall materials caused by the penetration or by exudates from the fungus. Endo-polygalacturonase activity has been found in filtrate from cultures of P. infestans3,7), but the activity seemed to be very low or hardly detectable2).
Pectinmethylesterase activity was also found in the fitrate 2,7) .
Pectic lyase and macerating activities were not detected3). Presence of galactanase activity in the filtrate was reported3,9). However, the increases in electrical potential difference and electrical conductivity were assumed to be induced by a permeability change in the cell membranes due to infection, since (1) leakage of preabsorbed 32P from the disks also increased and (2) the increase in electrical conductivity was accelerated when the prepared disks were exposed to air for 20hr before inoculation, in spite of the same growth rate of the intracellular hyphae under both inoculation conditions15).
These evidences also indicated that the most of increase in ion concentration in the immersion water might not be due to exudate from the fungi, although exudate from the fungi might contribute, to some extent, to the increase.
The increased permeability of the cell membranes of potato tuber infected by the compatible race ( Fig. 7) suggested that infection by a compatible race also affected the permeability of the host cell membranes.
